Based on the data samples collected at the energies of J/ψ, ψ(3686), ψ(3770) and ψ(4040) resonances with the BESIII detector at the BEPCII storage ring, we present charmonium decays in two aspects. One is the search for baryonic decays of ψ(3770) and ψ(4040), including ΛΛπ
Based on the data samples collected at the energies of J/ψ, ψ(3686), ψ(3770) and ψ(4040) resonances with the BESIII detector at the BEPCII storage ring, we present charmonium decays in two aspects. One is the search for baryonic decays of ψ(3770) and ψ(4040), including ΛΛπ + π − , ΛΛπ 0 , ΛΛη, Σ + Σ − , Σ 0 Σ 0 , Ξ − Ξ + and Ξ 0 Ξ 0 . None are observed, and upper limits are set at the 90% confidence level. The other is the light hadron spectroscopy from charmonium radiative decays, including the spin-parity analysis of the pp mass-threshold enhancement in J/ψ radiative decays and the ηη system in J/ψ → γηη radiative decays.
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Introduction
The world largest datasets in τ -charm energy region have been accumulated with the BESIII dectector at the BEPCII collider. Based on the data samples of 225 million J/ψ decays, 106 million ψ(3686) decays, 2.9 fb −1 at the ψ(3770) resonance and 482 pb −1 at the ψ(4040) resonance, we present two aspects of charmonium decays at BESIII. One is the search for baryonic decays of ψ(3770) and ψ(4040), including
The other is the light hadron spectroscopy from charmonium radiative decays, including the partial wave analysis results of the pp mass-threshold enhancement and ηη system in J/ψ radiative decays.
2 Search for baryonic decays of ψ(3770) and ψ(4040)
The ψ(3770) and ψ(4040), broad cc resonances above DD threshold, decay quite abundantly into open-charm final states. While charmless decays of the ψ(3770) and ψ(4040) are possible, their branching fractions are supposed to be highly suppressed. The BES Collaboration measured the branching fraction for ψ(3770) decay to non-DD to be (15 ± 5)% by using different methods [1, 2, 3, 4] under the hypothesis that only one simple ψ(3770) resonance exists in the center-of-mass energy region from 3.70 to 3.87 GeV. The CLEO Collaboration obtained the branching fraction B(ψ(3770) → non-DD) = (−3.3 ± 1.4 +6.6 −4.8 )% [5] under the assumption that the interference of the resonance decay, ψ(3686) → γ * →→ hadrons, with the continuum annihilation, γ * →→ hadrons, is destructive at √ s = 3.671 GeV and constructive at √ s = 3.773 GeV [6] . The BES Collaboration observed the first non-DD decay, ψ(3770) → π + π − J/ψ, with a branching fraction of (0.34 ± 0.14 ± 0.09)% [7] . The CLEO Collaboration confirmed the same hadronic transition [8] , and observed other hadronic transitions π 0 π 0 J/ψ, ηJ/ψ [8] , and radiative transitions γχ cJ (J = 0, 1) [9, 10] to lower-lying charmonium states, and the decay to light hadrons φη [11] . While BES and CLEO have continued to search for exclusive non-DD decays of ψ(3770), the total non-DD exclusive components are less than 2% [12] . Meanwhile, there are fewer experimental measurements for ψ(4040) charmless decays. The BESIII Collaboration observed for the first time the production of e + e − → ηJ/ψ at √ s = 4.009 GeV. Assuming the ηJ/ψ signal is from a hadronic transition of the ψ(4040), the fractional transition rate is determined to be B(ψ(4040) → ηJ/ψ) = (5.2 ± 0.5 ± 0.2 ± 0.5) × 10 −3 [13] . Search for other exclusive non-DD decays of ψ(3770) and ψ(4040) is urgently needed.
By analyzing data samples of 2.9 fb −1 collected at √ s = 3.773 GeV, 482 pb 
and other ΛΛX modes (X = π + π − , π 0 and η) [14] . In Figs. 1 and 2, the two dimensional scatter plots are shown for each mode. We assume that there is no interference between continuum production and the ψ(3770)/ψ(4040) resonance decay to the same baryonic final state. We give the branching fractions B ψ(3770)/ψ(4040)→f and the upper limits B up of ψ(3770)/ψ(4040) baryonic decays for each mode in Table 1 . Since the available continuum data is limited, the dominant error on each of the seven branching fractions is from the continuum subtraction. confirmed by the BESIII [16] and CLEO-c [17] experiments. The observation of the pp mass-threshold enhancement also stimulated an experimental analysis of J/ψ → γπ + π − η ′ decays, in which a π + π − η ′ resonance, the X(1835), was first observed by the BESII experiment [18] and recently confirmed with high statistical significance by the BESIII experiment [19] . Whether or not the pp mass-threshold enhancement and X(1835) are related to the same source still needs further study. Spin-parity determinations and precise measurements of the masses, width, and branching ratios are especially important.
The BESIII experiment reports the first partial wave analysis (PWA) of the pp mass-threshold structure produced via the decays of J/ψ → γpp and ψ(3686) → γpp [20] . Data samples containing (225.2 ± 2.8) × 10 6 J/ψ events and (106 ± 4) × 10 6 ψ(3686) events accumulated with BESIII dector are used. The PWA of J/ψ → γpp and ψ(3686) → γpp are performed. In J/ψ radiative decays, the near-threshold 
Partial wave analysis of J/ψ → γηη
In accordance with the lattice QCD predictions [21, 22] , the lowest mass glueball with J P C = 0 ++ is in the mass region from 1.5 to 1.7 GeV/c 2 . However, the mixing of the pure glueball with nearbynonet mesons makes the identification of the glueballs difficult in both experiment and theory. Radiative J/ψ decay is a gluon-rich process and has long been regarded as one of the most promising hunting grounds Table 2 .
Summary
The BESIII experiment has collected the world's largest data samples at the J/ψ, ψ(3686), ψ(3770) and ψ(4040) resonances. Based on these samples, we present the charmonium decays at BESIII. Search for baryonic decays of ψ(3770) and ψ(4040), including ΛΛπ + π − , ΛΛπ 0 , ΛΛη, Σ + Σ − , Σ 0 Σ 0 , Ξ − Ξ + and Ξ 0 Ξ 0 are very helpful for understanding the non-DD decays of particles above DD threshold. The partial wave analysis of the pp mass-threshold enhancement and ηη system in J/ψ radiative decays are very meanful for understanding the nature of the enhancement and finding the promising glueballs.
